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i_ Summary Introduction

_" As part Of the aeronautics program in the area

I An investigationwas conductedintheLangley30- ofstall/spinresearchatthe LangleyResearchCen__r,• by 60-1t0otTunneltodeterminetheaerodynamicchar- wind-tunneltestswereconductedto assessand _ocu-

i acteristicsofa powered,full-scalemodel of a general ment theaerOdynamiccharacteristicsofa canardcon-

aviationairplaneemployinga canard. Although pri_ figurationdesignedforgeneralaviationuse.Inthemid-

mary emphasisoftheinvestigationwaS placedon eval- 1970's,a new homebuiltairplanedesign,the V_riEze
uatingthe aerodynamicperformanceand the stabil-

i. • . ityand controlcharacteristicsof the basicconfigura- (ref.I),made a significantimpacton thegeneralavia-tioncommunity becauseOfitscanarddesignand other

i_ tion,testswere alsoconductedto study the foliow_ advancedfeatures.These advancedfeaturesincluded

ingeffectsofvaryingthe basicconfiguration:effectof

Reynoldsnumber; effectofcanard;effectofoutboard useofcompositeconstructionforlighterweightand for

° wing leading-edgedroop;effectofcenter-of-gravityIo- smoothersurfacecontourstoimproveaerodynamicper-
formance,use ofwingletson the main wing fordirec-

i Cation; effeCt of elevator trim; effect of landing gear;
effect of lateral-d:rectional controls; effect of power; el- tional stability and, at the same time, for reducing drag,

Ii fectoffixedtransition;effectofwaterspray;effectsof and use ofa canardsurfacetoincreasepitchstability

nearstallsothatthemaximum trimangleofattackwas
: canardincidence,canardairfoilsection,and canardpo- lessthanwing stallangleofattack.

sition;and effectsofwingletsand Upper wingletsize.
This reportpresentsresultsofa full-scaleresearch

Additionalaspectsofthestudyweretodeterminethe

boundary-layertransitioncharacteristicsofthe airfoil modeloftheVariEzedesigntestedintheLangley30-.by

i 60-FootTunnelforwhich preliminaryresultswerere-. surfacesand the effectof fixing the boundary layerto
be turbulentby means of a transitionstripnearthe portedinreference2.Testdataobtainedincludedmea-

_ surementsofaerodynamicforcesand moments oftheto-

i leadingedge. The testswere conductedat Reynoldsnumbers from 0.60× i0e to 2.25x I0_,basedon the. talconfiguration,isolatedloadson thecanard,pressure

wing mean aerodynamic chord, at angles of attack from. distributions, propeller torque-thruSt loads, and flow vi- !i
' sUalizationusingtuftsand sublimatingchemicals.Also- _.
i -4.5° to 41.5°,and atanglesof.sideslipfrom-15 ° to includedinthestudywereeffectofReynoldsnumber;

i 15% effectofcanard;effectofoutboardwing leading-edge.

The investigation indicated that employing the ca- droop; effect of center-of-gravity location; effect of el-
n_.rd on this configuration was effective in providing in- evator trim; effect of landing gear; effect of lateral-.
creasedstalldepartureresistancebecausethe canard, directionalcontrols;effectof power;effectoffixedtran-
stalledbeforethe.wingstalled.Influenceofthecanard sition;effectofwaterspray;effectsofcanardincidence,

flow field on the wing decreased the inboard loading • canard airfoil section, and canard position; and effects _.
of the wing as the outboard loadingof the wing in- ofwingletsand upperwingletsize.
creased.The increasedoutboardloadingand spanwise

flowdevelopmenton the wing causedwing tipstall. Symbols
The additiOnofa wingoutboardleading-edgedroopin-

creasedstallangleofattackand increasedpitchstability Alllongitudinalforccsand moments arereferredto

at10wtomoderateanglesofattack.From testsusinga thewind axissystem,and alllateral-directi0nalforces-
chemicalsublimationtechnique,thenaturalboundary- - and moments are referredto the body axissystem.

_ layertransitionwas fOund to be at 55 percentchord UnlessOtherwisenoted,total-airplaneand canardtoo-

i: ofthecanard.Fixingtransitionnearthe leadingedge ments arepresentedwithrespecttoa center-of-gravity

ofthe canardresultedina significantreductionoflift locationatfuselagestation99,whichwas 0.71eaheadof

due toflowseparationnearthetrailingedgeoftheca_ theleadingedgeofthewingmean aerodynamicchord_,
nardand,subsequently,a nose-downtrimchangeand and ata verticallocationon waterline16.Also,unless

; loss of elevator effectiveness. Variations in the canard otherwise noted, total-airplane and canard aerodynamic
airfoil showed that the canard airfoil-section character- coefficients were reduced by using a wing reference area
istics can strongly affect the airplane stall and poststaU based on the trapezoidal planform of the wing projected
characteristics. Moving the canard to a lower position to the fuselage centerline...
had little effect on the static longitudinal and lateral-
d_rectmnal aerodynamic characteristics of this confign- . . b wing span, 22.17 ft

_ ration. The lateral-directional stability was generally b_ upper winglet span, ft
i ! satisfactory, but the directional stability became weak

_ at high angles of attack. Larger upper winglets pro- Co total airplane drag coefficienL
-!, sided significant increases in directional stability of the .

configuration. CD,d canarddragcoefficient,Canard balancedra|
g, qS
!
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I_" CD,! skin-frlction drag coefficient, Skfn.frlct|ondraI NI exposed canard area, ft2q$

i'_ C_. total-airplane lift coefficient, _j_ V free, stream velocity, ft/sec
V/nd propeller advance ratio, V/(Propeller rotation

_ CL,c canard lift coefficient based on wing reference_. speed × Propeller diameter)
I' area, canard b_l_n_e llft (CL¢ in computer-q8

generated figures) z chordwise distance from leading edge, ft

I C_, c canard lift coefficient based on canard plan- (z/C)T boundary-layer transition location

I form area, Cbx_ardbalance lift_S, _ spanwise distance from plane of symmetry, ft. I

_: CL,_ lift coefficient at zero angle of attack y_ distance along winglet span, ft "
!

, CLo lift-curve slope, p:r degree (_ angle of attack relative to WL, deg
/_ angle of sideslip, deg

C_ rolllng-moment coefficient, Roll_n_moment
q8_. ACv incremental drag coefficient

f C_ rolling moment due to sideslip, per degree
AC_ incremental rolling-moment coefficient

Cm total-airplane pitching-moment coefficient, ACn incremental yawing-moment coefficient
i. " Pit_hin_ moment

qse AC_ incremental side-force coefficient

C'._,c canard pitching-moment coefficient relative to
_ airplane e.g., Canardbalance pltchin_ moment _ aileron deflection based on a setting of equal :¢_e and opposite deflection, positive when right

i coefficient atzero of aileron is down, deg
C,_,o pitching-moment angle

attack _ elevator deflection, positive trailing edge

Cm. slope of pitchimg-moment curve with respect down, deg

to angle of attack, per degree . _z rudder deflection based on setting one rudder

Cn yawing-moment coefficient, Yawin_moment in an outward deflection for dirertional _,
"qSb control, positive left• rudder deflected, deg _'

Cn_ yawing moment due to sideslip, per de_ee _/ propeller efficiency

Cv pressure coefficient, _• q Subscripts:

CT thrust coefficient, _ c canardq_

Cr total-airplane stale-force coefficient, _ l. lower surface _.|

.! Cy# sideforcedue tosideslip,p_r degree max maximum .

c ...............localchord,ft u . uppersurface_
_ _ , reference wingmean aerodynamicchord, w winglet
' 2.58 ft Abbreviations:

c_ section normal-force coefficient obtained from BL butt line, in.
integration of pressure measurements

c.g. center of gravity

ic incidence angle of canard relative to WL, FS fuselage station, in.
positive trailing edge down, deg

' L.E. leadingedge
L/D __lift-dragratio

WL waterline, in.
p local static pressure, Ib/ft _

p_ free--stream static pressure, Ib/ft _
i Model Description and Test Apparatus
_ q free-stream dynamic pressure, lb/ft _

The configurationusedinthestudywas a powered

i l R Reynoldsnumber baaedon e full-scalemodel ofan airplaneintendedforthe home-i S reference.wing area, 53.60 ft2 built, market (ref. 1). The model was constructed of
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foam covered with fiberglass and epoxy. Body putty the engine inlet and exit areas were sealed and faired

[ was applied to the wing and canard to attain the de- for a no-flow-through condition• NO attempt was made

I sired airfoil-section contours• Geometric. characteristics to Simulate the internal duct fiow due to a reciprocatingof the model are given in table I and shown in figure I. internal combustion engine.

I A total of 322 pressure orifices were installed in the Overall aerodynamic forces and moments acting ,m
wing, canard, and wingiet. The pressure orifice loca- the model Were measured on the external scale balan,:e

[ tions are given in table II. Photographs showing the system of the Langley 30- by fl0-Foot "funnel. (See

i model installed in the Langley 30- by 60-Foot Tunnel ref. 6.) In addition, the model was instrumented withare presented in figures 2 and 3. internal strain,gange balances to measure isolated loads

. , The basic model configuration is defined as follows: on the canard and the propeller an, _-with scannivalve
OutbOard wing leading-edge transducers to measure tb _. surface preszures. Small

:: " droop off cotton tufts were used m conjunction with fhtorescent
Center of gravity located at FS 99 photography to provid., flow visualization of the ,,._,_].
Nose gear removed (See ref. 7.) Tufts were.used in flow visualization studies
Main wheel pants off to examine area _.of flow separation and other surface

fiow conditions at angles of attack up to complete wing _
Propeller removed, spinner on stall. Initially, tufts were installed on the upper surfacesInlet faired, exit area sealed
High canard position with of the wing, upper wingiet, and canard. However, the

: ic = 0° tufts on the canard resulted in premature transition of

i Canard with GU 25-5(11)8 the boundary layer; thus, there was a large decrement in
the lift performance of the canard. Therefore, canard

_ airfoil section (ref. 3) tufts were not installed in later tests because of their

E Small upper and lower wingiets adverse effect on the flow patterns of the canard. A
Variations to the basic configuration include the chemical sublimation technique (ref. 8) was used to

' following: provide information on the extent of laminar flow on

! Adding a discontinuous outboard wing the canard, wing, and winglet.
leading-edge droop

Removing canard Test Conditions and Corrections.
Moving center of gravity to forward and

aft locations Test conditions included a range of _ from -4.5 _ to.

Varying landing-gear arrangements 41.5 °-and a range of _ from -15 ° to 15_. Aerodynamic
Adding power effects data were obtained at free-stream tunnel velocities of
Varying canard incidence 26, 68, and 94 mph that correspond to Reynolds num-
Changing canard airfoil section bers based on _ of 0.60 × 10e, 1.60 × I0e, and 2.25 × I0e,

Changing from high canard position.to respectively. Most of the tests, however, were conducted
low canard position . at a nominal free-stream velocity of 68 mph.

Removing wingiets The model was tested upright and inverted to eval-
i Increasing upper wingiet size uate the flow angularity and strut tare corrections. An

extensive wind-tunnel calibration was made prior to
Range of control settings tested were 6e -= "20 ° to model installation to determine the horizontal buoy-

24_, 6a = -20 _ to 20_, and 6r = -406 to 40_. Pitch ancy correction, and flow-field surveys ahead of the
control was obtained with elevator deflections at a fixed model were made in the manner of reference 9 to de- ---

canard incidence setting. Canard incidences of -4 _, 0_, termine the flow-blockage correction. These corrections
and 4_ were tested• A low canard position (fig. l(a)) have been applied to the data. Jet-boundary correc-
was also tested because of interest in improving pilot tions were made in accordance with the method of ref-

visibility• Since earlier studies (refs. 4 and 5) indicated erence 10. Since an electric motor, rather than a recip- -
that the droop was effective in delaying tip stall, tests rocating engine, was used to power the model and no
were conducted with the leading-edge droop installed, attempt was made to simulate the interned duct flow,
(See fig. l(d).) Upper wingiets with 50 percent more no corrections were made for cooling drag due to a re.
area (figs. l(b) and l(c)) were also tested, ciprocating engine.

' Powered tests were conducted with a 200-HP elec-

i tric motor to turn a fixed, pitch, 4.83-ft.diameter, twc_ Presentation of Results
bladed propeller. The propeller is a Hendrickson

_.i H58G64 propeller designed for c!_mb. The majority of The test results are presented in figures 4 to 44,
_ I the tests was conducted with the propeller removed, and which are grouped in the order of discussion as follows:

t

t
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.......... I
i' : Figure .... Longitudinal characteristics ......... 39

EffectofReynoldsnumber .......... 4 Lateral-directionalcharacteristics...... 40

_.:: Pressuredistributions............ 5 Effectofwinglets:

i :' Sectionnormal-forcedistributions 6 Drag characteristics............ 41Lateral-directionalstability..... 42 and 43

I Effectoftheoutboardleading-edgedro0p: Pressuredistributionsat anglesofsideslip 44Flow visualizationwithtufts ...... 7 and 8

I" Longitudinal ........ Discussionof Results
characteristics 9

Elevatortrimrequirements .......... 10

t- Characteristics 11 Effect of Reynolds Number
Drag

Lateral-directional stability characteristics . . 12 In order to assess the sensitivity of the confignra.

i Liftand pitching-momentcharacteristics: tiontoReynoldsnumber effects,datawerecomparedatEffectofcanard .............. 13 .Reynoldsnumbers basedon _of0.60× I0s,1.60x 10e,

Elevatorcontroldeflections........ 14 and 2.25x i0e.Thesedataareshown infigure4.The

Effectofcenter-of-gravitylocationon liftand pitching-momentcharacteristicsof the basic

• elevatortrimrequirements........ 15 configurationand,also,theisolatedliftcharacteristics
ofthecanardobtainedfromthecanardbalanceindicate

Drag characteristics: thatatthelow Reynoldsnumber thisconfigurationex,

7 Effectofelevatordeflection ......... 16 hibitedsignificantlydifferentliftand pitching-moment
Trimmed lift-dragratio ............. 17 characteristicsfromthoseathigherReynoldsnumbers.

Effectoflandinggear ............ 18 The canarddataforlow Reynoldsnumber exhib-

Configurationeffectson lift-dragratio 19 itedsignificantlylowerliftthantheliftobtainedatthe

Lateral-directionalcharacteristics: higherReynoldsnumbersand werea primaryfactorin.

Stabilitycharacteristics........... 20 thelowerliftlevelofthetotalairplane.Also,lift-curve
Aileron control ................. 21 slope of the canard for the low value of R was lower _
Rudder control ................ 22 for angles of attack less than 6° and increased with

increasing angle of attack. The ineffectiveness of the.
Power effects: canard to generate lift is probably caused by laminm
Propellerefficiency............ 23 separationofthe boundary layerdue to the effectof _

Effecton longitudinalaerodynamic low Reynoldsnumber,whereastheincreaseinthelift-. i

characteristics ............. 24 curveslopeisprobablycausedby turbulentreattach-

Boundary-layerstudy: ment at thehigheranglesofattack.Sincethecanard
Extentofnaturallaminarflow ....... 25 islocatedwellahead ofthe airplanecenterofgravity,

Effectoffixedtransition........... 26 changesintheliftand lift-curveslopeofthecanardsig-

Effect of transition on canard drag ...... 27 nificantly affected Cm,o and Cmo of the total airplane,. _.
Effect of transition on as shown in figure 4. At the low Reynolds number, _

pressure distribution ................. 28. the loss in canard lift shifted Crs,o to a more negative
Effect of transition on elevator value, whereas near a = 6°, the increased canard lift-

_" trimrequirements ............ 29 - curveslopecausedCm_ to be unstable.Althoughthis

Sketchofwater-sprayboom ......... 30 Reynoldsnumber isl_,#comparedto flightconditions,

Effectofwatersprayon canard thedataarepresentedhereto illu_tratethesensitivity

aerOdynamics ............. 31 oftotal-airplaneliftand pitchingmoments of canard....

Effectofcanardincidence: configurationstosubcriticalReynoldsnumber.

Longitudinalcharacteristics........ 32 The data atmid and highReynoldsnumbers indi-

Elevatortrimrequirements 33 catedmuch betteragreementon the liftand pitching-
......... moment curves.The dataatmid Reynoldsnumber are

Effect of canard airfoil section: representative of landing approach speed of the airplane
Comparison of section contours ...... 34 at higher angles of attack. The remaining analysis in
Longitudinal aerodynamic characteristics . . 35 this report is based on the data obtained at this mid
Canard balance lift data ......... 36 Reynolds number.

Effect on canard position: Pressure Distributions
Photograph of model with canard in low

- position................. 37 Presentedinfigure5 arethechordwisepressuredis-

Wing-surface flow patterns . . ...... 38 tributions and section normal-force coefficients of the

@
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'_" wing, upper winglet, and canard. The data of figure 5 stall. The tuft patterns of the wing with the L.E. droop

i are presentedgraphicallywith the pressuredistribu- on show thattheleading-edgedroopreducedspanwise
tion._on theconfigurationsothattheycouldbe related flow,kepttheflowattachedatthewing tipregion,and

to the spanwise distribution of section normal-force co- thereby delayed wing tip stall to a higher angle of at-efficients.The dataarepresentedforan angle_of,attack tack. The significanceof theseflowpatternsisindi- _,

i range from -2.5 ° to 31.5 _ for the basic configuration, cared by the lift and pitching-moment data of figure 9,The dataofflgttre5 indicatethatstrongfavOrable which indicatethatthe leading-edgedroop increased

pressuregradients,conducivetoboundary-layerstabil- C_,m_x and increasedthe pitchstabilitynear_ _"4°

I , ityforlaminarflow,wereobtainedon thecanardupper whichmade thepitching-momentcurvemore linearinsurfacefromtheleadingedgetoabout50percentchord the mid angle-of-attackrange.The effectofleading-

i atanglesofattackup toaboutI0°.Favorablepressure edgedroop on elevatordeflectionrequiredfortrimis- _i

gradientswere alsofound on the wing upper surface shown infigurei0 forforward,mid,and aftcenter-of-

• atanglesofattacklessthan5.5°and on theuppersur- gravitylocations.The leading-edgedroop provideda

I faceoftheupperwingletthroughouttheangle-of-attack largerstallmarginbetweenthemaximum trimmed C_
rangepresented, and CL,max.

The chordwisepressuredistributionswere into- The effectof leading-edgedroop on the trimmed
gratedtoobtainsectionnormal-forcecoefficientsforthe drag characteristicsof the configurationisshown in

wing,upperwinglet,and canard.The dataoffigure5 figureii. A dragpenalty,ACD - 0.0040,at cruise
indicatethatthe canardoperatesat a highersection conditionofC_ --0.25was incurreddue totheaddition i !

loadingthan doesthe wing at anglesofattackup to oftheleading-edgedroop.Thisdragpenaltyprobably i i

• 13.5_.The highercanardsectionloadingpromotesca- would not be as largeon an airplanewith leading-

nard stallbeforewing stall;thus,airplanestallreals-. edgedroopintegratedintotheconstructionofthewing

tanceisprovided, becausethe testmodel leading-edgedroop was made

The sectionnormal-forcecoefficientsc_ ofthewing removableand was not fastenedto the wing surface

and upperwingletareshown infigure6 forthecanard- as smoothlyas the originalconstructionsurface.At

on and canard-offconditions.Figure6 illustratesthe higherliftcoefficientscorrespondingtoclimb,therewas

influenceofthecanarddownwash/upwash flowfieldon no significantdragpenaltyassociatedwiththeleading-

thewingand winglet.On theinboardpartofthewing, edgedroop modification.

lowerlevelsofc_ werecausedby thedownwash ofthe The lateral-directionalstabilityderivativesCl,_,

canard,whilehigherlevelsofc,_on theo_+boardpart- C,_, and Ct# were obtainedfrom testsconductedat !
of the wing were causedby the upwash outboardof /_--_-5°and 5°and areshown infigure12.The addi-

thecanardtip.From a designpointofview,theeffect, tionoftheleading-edgedroopincreaseddirectionalsto-

ol downwash on longitudinalstabilityand the effect bilityC,_ atanglesofattackup towing stall.Rolling
of upwash on wing tipstallmust be considered.The moments due to sideslipincreasedwith angleof at-

impactOf the canarddownwaSh/upwash flowfieldon tacktypic_ofconfigurationswithwing sweep. The . _"_

theaerodynamicsof thisconfigurationisdiscussedin additionofthe droop reducedthemagnitudeofdihe- !

latersections, draleffect-C_ ofthe configurationforanglesof at-

tackup toabout20°.At low anglesofattacknear2°,, Effect of Outboard Leading-Edge Droop this reduction in dihedral effect made the configuratit,n

_ Based on the designphilosophyof references4 marginallystableinC_. However,athigheranglesof
!i and 5 on wing leading-edgedroopdesign,an outboard attack,the reductionindihedraleffectmay be benefl-

If: wing leading-edgedroop was installedon the VariEze cialinreducingtheamount oflateralcontrolrequiredto
airplanetoincreasestallresistanceand reducethewing trimtheconfigurationinsideslip,suchasinacrosswind

!_ rock tendency of the configuration. As reported in ref- landing situation.
:. erences4 and 5,theoutboardleading-edgedroop pro-

vided attached flow near the wing tip to a higher angle Lift and Pitching-Moment Characteristics
of attack and reduced the autorotative moments in the Canard configurations require that the center of

. poststall region. Wing tip stall was more prevalent for gravity be located between the Canard center of lift and
the present configuration because of higher wing load, wing center of lift for both positive stability and control.

i ingoutboard,due to the canard,and from the wing Ifthecanardstallsbeforethewing stalls,longitudinal

I sweepeffect.Wing tuftpatternsof thedroop-offand stabilityand airplanestallresistanceare increased.

_ droop,onconfigurationsareshown infigures7 and 8, However,aspointedout inreference11,many factors

, respectively.Withoutleading-edgedroop,thetuftpat- must be consideredinordertomake theconfiguration

" ternson thewingshow thespreadofspanwiseflownear stableand controllableaswellasstallresistant.Thesethetrailingedgeofthewingand thedevelopmentOftip factors,includingairfoil-sectioncharacteristics_..power
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;_ effects,and center-of-gravitylocation,arediscussedin pitching-momentcoefficientsforthreecenter-of-gravity
• _ latersectionsofthisreport, locationsispresentedinfigure14 forthebasicconflg-

Figure13 presentsdata for the canard-onand urationwith theL.E.droop on. As expected,theliftcanard_o/_conditionsand incrementaldataobtainedby dataof figure14 indicatethatincreasingtheelevator

i subtractingcanardbalancedatafromthetotal-airplane deflectioninthepositivedirection(trailing-edgedown)

data.Analysisofthedataindicatesthatthewing lift increaSesthe overalllift.Thus,thiscanardconfigura-

isinfluencedby thepresenceofthecanardbecauseof liondoesprovidea positiveincrementintrimmed lift

i itsdownwash effect.Thisdownwash effectcausedthe as opposedto a conventionaltailarrangementwhichwingtoexperiencelessliftthanwould be predictedby would normallyprovidea decrementin trimmed lift.

Ii adding the interference-free contributions of wing and However, analysis of the canard balance lift data in-

canard individually. A beneficial effect of canard down- dicates that the canard lift is not directly additive to
wash is that it delays the stall of the wing; thus, the the total lift because of the increasing downwash due to
angle of attack margin between canard stall and wing elevator deflection of the canard on the wing. This in-

. stallisincreased.The dataoffigure13(a)indicatethat creasingdownwash causeda destabilizingeffecton the
canardstalloccurredatabout a --:13_,whereaswing totalairplanepitchingmoment atanglesofattackbe-

stalloccurredatabout 21Q. With thecanardoff,the low canardstall.

wing stalloccurredat about 19° which is2° lessthan Sincechangesinthecenter-of-gravitylocationwould
withthecanardon. not alterthe liftcurvesoffigure14(a),0nlypitching-

' Examinationof the pitching-momentdata of fig- moment data arepresentedinfigures14(b)and 14(c)

ure13(b)showedthreesignificantchangesinpitchsta- fortheforwardaud aftcenter-of-gravitylocations.The
bilitythroughoutthe testangle-of-attackrange.The dataoffigure14indicatethatcanardstallreducedthe_:-

_ i_ firstchangeoccurredatabout c_- 4°where therewas effectivenessof the elevatorat highanglesof attack;_ a decreaseinthelift-curveslopeofthewing. Thisde- thus,the maximum trimangleof attackwas limited.

creaseinCLo causeda reductionintotal-airplanepitch The maximum trimangleofattackfortheaftcenter-of-
stabilitysincetheaerodynamiccenterofthewing isIo- gravityconfigurationwas obtainedwithan elevatorset......

catedaftofthecenterofgravity.The decreaseinC'Lo tingof5e-_15°.A plotofelevatordeflectionrequired
ofthewing iscausedby the developmentofspanwise fortrim,shown infigure15,indicatesthatincreasingel-

flowdue towingsweep.Thisdevelopmentofspanwise evatordeflectionbeyond 15°actuallytrimmed thecon-

flowisshown by thetuftphotographsoffigure7.This -. figurationatslightlylowervaluesofliftcoe_clents.In

' decreaseinpitchstabilityat c_= 4°can alsobe found alltestconditions,thetrimmed liftcoefficientwas less
inthecanard-offconfiguration.The secondchangein thanthemaximum liftfortheconfiguration;thus,stall

pitchstabilityoccurredatabouta --13°where canard resistancetotheconfigurationwas provided.

stallresultedin a nose-downpitching-momentincre-

ment to provide a large increase in pitch stability. This Drag Characteristics
increaseinpitchstabilitywould requiremore elevator The effectofelevatordeflectionon dragcharacter-
deflectionto trimtheconfiguration.The thirdchange isticsofthe basicconfigurationwithL.E.droop on is

inpitchstabilityoccurredatabouta _ 21°wherewing shown in figure16. The drag ofthiscanardconfigu-

stalloccurred.Becausethewing islocatedaftofthe rationincreaseswithincreasingelevatordeflectionfor

centerofgravity,a destabilizingpitching-momentin- a givenliftcoefficientwhich indicatesa drag penalty

crementoccurredwhen thewingstalled.Thispitch-up associatedwithtrim.A trimmed lift-dragpolarfora

tendencywould not normallybe encounteredinflight mid center-of-gravitylocationisindicatedby thedashed

as longas thecanardprovidesenoughstallresistance lineof figure16. Valuesofthe trimmed lift-dragra-

to limittheairplaneangleofattacktothatbelow the tioareplottedinfigure17,and a maximum valueof
wing stallangleof attack.Althoughthe canarddoes 12.6was obtainedforthisconfiguration.Incremental

providebeneficialincrementtostallresistanceofthis valuesof drag forthe nosegear,main landinggear,

configuration, several factors, including elevator con- and wheel pants of the main gear are presented in flg-
trol authority, center,of-gravity location, airfoil section, ure 18. As shown in figure 19, these increments were
powereffects,and surfaceroughnesscouldadverselyaf- incorporatedintothe dragcurveofthe basicconfigu-

i' fecttheconfigurationstabilityand causetheconflgura- rationto obtainnew valuesof trimmed lift-dragval-
tionto trimatanglesofattackhigherthanwingstall, ues. The maximum lift-dragratioof thisconflgura-

i i Effectsof elevatorcontroland center-of-gravityloca- tionwas improvedby moving thecenterofgravityaft

! _ tionareexaminedinthe followingdiscussion,and the by 0.I0_((L/D)max -. 13.1),by addingwheel pants.
v' effects of airfoil section, power, and surface roughness ((LID)max -- 14.1), by removing leading-edge droop
' are discussed in a subsequent section. ((L/D)max -- 15.4), and by removing the main landing_,.

The effectofcanardelevatordeflectionon liftand gear((L/D)max- 17.1).
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_" Lateral-Directional Characteristics conditions a nose-down increment of pitching moment is I

i" The lateral-directional stability derivatives CI,_, associated with increasing power setting. Although the :thrust line of the propeller is slightly above the center of _

gravity, the moments produced by this offset do not ac- _
and c:_ Were obtained from tests conducted at

_I,E, basic_- -5°configurationand54 andwithareL.E.Shownin figure 20 for the count for the nose-down increment of pitching moment !idroop on. Thisconflgu.
t

due topower,-.Thisincrementprobablycomes fromthe
rationwas directionallystableat low anglesofattack; power-inducedflowcleanupof the wing trailingedge t

I_- however,thedirectionalstabilitydecreasedto zeroat and fromincreasedsuctionpressuresactingon thebase
_i about a - 19°. This configurationexhibitedstable [areaofthecowling.The dataoffigure24 alsoindicate

! "', dihedraleffectthatincreasedwith angleofattackup thatthereisaslightincreaseinpitchstabilitydue tothe ;
to wing stall.The effectofdeflectingthe elevatoron propellerexceptforCT = 0.Iiata < 6°.Thisstabiliz- '_j

lateral-directionalstabilityofthisconfigurationisalso ingeffectisprobablydue totherotatingpropellerdisk

_ . shown infigure20.Over thetestangle-of-attackrange developinga propellernormalforce(ref.11),which on

i up tothestall,deflectingtheelevator•causedthedirec- a pusherconfigurationproducesa nose-downmoment

_ tionalstabilityto decreaseand the lateralstabilityto becausethe propellerislocatedbehind the centerof

I. become more stable.The decreasein directional_ta- gravity.Conversely,a propellerlocatedahead ofthe
bilityisprobablydue to the increasein canarddrag
ahead ofthecenterofgravity.The increaseinthe di- centerofgravitywould havea destabilizingeffect,es.

peciallyifthepropellerslipstr_mimmersesthecanard

hedraleffectisprobablydue totheasymmetriccanard and providesincreasedlift.
downwash on thewingwithsideslipangle,whichcauses

an incrementalincreaseinrolling-momentcontribution Boundary-LayerTransitionStudy
due tosideslip. "_

The aileronand ruddercontrolauthoritiesof the Severalpilotshavereportedthatwhileflyingtheir t
homebuiltversionofthisconfigurationin raincondi-basicconfigurationare shown infigures21 and 22,re-

spectively.Both positiveand negativecontrolinputs tions,theairplaneexhibiteda pitchtrimchange.This

weretested;resultswereaveragedtoreduceeffectsof pitchtrimcharacteristicseemed to indicatean effect 1
model asymmetriesand tunnelflowangularity;dataare caused by changesin the boundary-layerproperties

presentedfora rightrollinput(_a< 0) and rightyaw of the canardor wing. In orderto investigatethe
input(_ < 0).The dataofthesefiguresindicatethat boundary-layercharacteristics,testswereconductedto
both aileronand ruddercontrolauthoritiesdecreased determinetheextenttowhich!_ninarflowexistedon

athigheranglesofattack.Also,ailerondeflectionspro- theconfigurationand todeterminetheeffectofalossin ._
laminarflowwhichmightoccurwhen theairfoilsurfacesduced favorableyawingmoments inthe normalopera,

tionalangle-of-attackrange(a_ 20 to !8°). become contaminatedby insectorrain-dropaccumula-
tionson the leading edges, j_

A chemicalsublimationtechnique(ref.8) was used _,Power Effects tolocatetheboundary-layertransitionon the canard,.

Propellerthrustand torque were measured by wing,and winglets.The techniqueinvolvedspraying

means ofabalancemounted.betweenthemotor and the a coatofchemicalfilmon the model surface,starting

propeller.The datashown infigure23 indicatethat thewind-tunnelairflow,and observingthesublimatinga maximum propellerefficiencyof0.75was obtained. -processof the chemicals.Sincethe surfacechemicals

_" Thisvalueofpropellerefficiencyisrelativelylowcorn- sublimateatahigherrateinaturbulentboundarylayer

!_ paredwiththatformore optimizedarrangements.The than in a laminarboundary layer,a definitepattern

'_ propeller used in the tests was of low pitch for maxi- of chemical residue is observed On the wing whichmum climb performance and was therefore not properly denotes transition. Tests were conducted on the upper

i:_ matched forcruiseconditions.The low valueOfeffec, surface0nlyat an angleof attackof 1.5° and at a
tivenessinthetestsisconsistentwiththatobtainedin Reynoldsnumber basedon eof1.60× 10s.Testresults,

: reference12forlow propellerbladeanglesettings.The shown by the photographsoffigure25,indicatethat .........

low valueofefficiencymay alsobe associatedto some transitionwas locatedat55percentchordofthecanard,

degreewiththe pusherarrangementat therearofthe 65 percentchordofthewing,and 60 percentchordof

_- fuselage.Improvedshapingoftheaftfuselageand en- thewinglet.Thesetransitionresultswereconi_.rmedby

! ' ginsnacelleand carefulmatchingofthepropellergeom- flighttestsasreportedinreference8.The largeamount

'I: i etrywiththefuselageflowfieldcouldprovideincreased oflaminarflowon theconfigurationcanbe attributedto
[. [ propellerefficiency, thecompositeconstructionoftheaircraftwhichallowed

_ Effects of propeller thrust on the longitudinal aero- for smooth airfoil contour.
V_. I

i dynamic characteristicsoftheconfigurationareshown Inordertosimulateconditionsinwhichlaminarflow
infigure24.The dataoffigure24indicatethatformost would be lost,suchasinrainconditionsorwithin_ct

f ,
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'_' accumulations, a transition strip of No. 60 carborun- - Effect of Canard Incidence

_ dum gritwas .appliedat the 5,percent-chordlocation In6rdertoobtain inherentlystall-proofairplaneofthecanardand wing inaccordancewiththemethod _ thatemploysacanard,anitisimportantthatthecanard
ofreference13.Resultsofthe transitiongrittestsare

!'_ shown infigure26 fortestconditionsoftransitionfree incidencebe setsothatitwillstallatan angleofattack

(nogritapplied)_transitiongritat 5 percentchordof belowthewingstallangleofattack.Canard incidences

the canard,and transitiongritat 5 percentchord of of0°,-46,and 4o were testedto determinetheeffect
i,- ,', both the canardand wing. The dataof figure26 in- of canardincidenceon the longitudinalaerodynamic

. dlcatethatfixedtransitionat 5 pe,'centchordof the characteristicsof thisconfiguration.The data from
canardCauseda decreaseinthe lift-curveslopeofthe thesetests,presentedinfigure32,show the expected

!_ This changesinCoi,oand stallangleofattackwherepositive
canardby about30percent. decreaseinthecanard

lift-curvesloperesultedinan increaseinpitchstabil- incidenceproducedincreasedCm,o and reducedangleof

"_ ityand a largenose_downpitching-momentincrement attackforcanardstall.At an incidenceangleof -4°,

i at thehigheranglesofattack.With transitiongriton thecanardstallangleoccurredatabout 18° which is
thewingand canard,thedataoffigure26 indicatethat belowthewingstallangleof23°.At acanardincidence

i theconfigurationexhibiteda slightincreaseinnose-up angleof46,thepitching-momentcurvewas more linear• pitchingmoments at anglesof attackof40 or below, inthemid angle-of-attackrange(a _ 4°to 10°),This
Thiseffectoffixedtransitionatlow anglesofattackis effectwas probablycausedby the combinationof an

increaseddownwash on the-wing which delayedthe

probablydue to thenatureofthe boundary layeron angleofattackwhere thepitchstabilitychangednear
thewingwhichisindicatedby pressuredistributionsas 40
highlylaminarat low anglesofattackbut quicklybe- o - and an increasein pitchstabilitycausedby ,
come turbulentneartheleadingedgeatanglesofattack earlycanardstall.Elevatorsettingsrequiredto trim

above 4o. Thus,fixedtransitionwould onlyaffectthe theconfigurationwithcanardincidencesettingsof-4 °,

laminarflownatureofthewingatlow anglesofattack. 0°,and 4°arepresentedinfigure33 throughthetrim-

i lift-coefficientrange.The dataoffigure33 indicatethat :

Presentedinfigure27 are canardbalancelift-drag theeffectivenessofthe elevatorwithcanardincidence. •i
polar_.The dataoffigure27 indicatesignificantdrag at ic= 4° decreasedand was probablycausedby the

• increasesdue tofixedtransitionon thecanard.An ex-. elevatoroperatingin a separatedflowregionabove

aminationofthechordwisepressuredistributionon the c_--8°.(SeethedataforC_c offig.32.)

canard, shown in Rgure 28, indicates that the loss of. ._
lift due to a fixed transition is a result of trailing-edge Effect .of Canard Airfoil Section '
separation which was probably caused by the thickened
turbulentboundary layerhavingto overcomea sharp The canardisan importantfactor.intheconfigura-

pressurerecoverynearthe trailingedge. This sepa- tion'strimcapabilityand stallcharacteristics.To de-.
ratedflowconditionalsoresultedinadecreasedeleVator, terrainstheeffectsofthecanardairfoilsectionon the

i. controlauthorityasindicatedby thedataoffigure29. configuration,an NACA 0012airfoilsectionwas tested _Thisdecreasedcontrolauthoritycouldbecome signifi, on theconfiguration.The NACA 0012sectionistypical

cantwhen flyinginrainwherelossoflaminarfl0wcould ofairfoilsectionsusedon conventionalgeneralaviation

i requiresuddenchangesinelevatorsettingstotrimthe airplanehorizontaltails.The basiccanardairfoilsec-t
_ pitching-momentchangesencountered, tion,GU 25-5(II)8,was designedforhighliftand low.
_ dragat low speeds.(Seeref.3.) Thisairfoilwas rel-
!' In othertestswithouttransitiongrit,waterspray ativelythickand highlycambered,and a comparison

il from a horizontalboom fixtureinthewind tunnelwas betweenitand theNACA 0012 airfoilisshown infig-usedtostudyeffectsofsurfacewateron transition.The ure34. As discussedearlier,thebasicairfoilsectionis

_i water-spray boom, shown schematically in figure 30, characterized by large amounts of laminar flow. Test
._ was locatedapproximately4 canardchord lengthsin datacomparingtheeffectofcanardairfoilon thetOtal-

frontofthe canardand coveredonlyone side.The airplaneliftand pitchingmoments are shown in fig-

sprayratewas approximatelyi gal/min.Resultsfrom ure35.The dataoffigure35show thechangeinCm,oof
water-spraytestsofthecanard,shown infigure31,are thetotalairplanewhichisprimarilydue tothechange

Similartoresultsoffixedtransitionon thecanard,that inC/,,oofthecanardwithuncamberedNACA 0012air-
i' is,a reductionin the canardlift-curveslopeand an foilsection.Changing totheNACA 0012 canardalso

i increasein drag. Itshouldbe notedthatonlyabout lowersCL,max. The poststallliftcharacteristics,which

one-half of the canard was immersed in water spray for are significant to the total-airplane pitch stability, are
,. thesetests.Ifthecanardwerefullyimmersedinwater examined inmore detailin figure36. A comparison

i l spray,thedatawould be incloseragreementwiththe . ofthecanardliftobtainedfrom thecanardbalanceis
! dataobtainedwithfixedtransition, shown ivfigure36 basedon theCanardarea.The data

•_- _ "_'i# .- ": " "-
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_' of figure 36 indicate that the GU 25-5(11)8 airfoil sec- 0.0018 would imply that winglets Were reducing wing .
i. tion had significantly higher maximum lift coe_cient induced drag at lift coe_cients above 0.5.

at the test Reynolds number of 1,60 × 106. In ad, The effect of winglets on the lateral-directional sta-

I dition, the GU 25_5(II)8 airfoil exhibited a relatively bility characteristics of the basic configuration with the

fiat-top lift curve with an abrupt decrease in lift at leading-edge droop on is shown by the data of figure 42.
about _ -_ 25° while the NACA 0012 airfoil showed As expected, the winglets-off configuration was direc-
an abrupt 10ss in lift at a lower stall angle of attack. In tionaily unstable. The addition of the upper and lower

I the p0ststall angle-of-attack range, _ > 15°, the lift of winglets made the configuration directionaliy stable up

i the NACA 0012 airfoil section increased while the lift to _ "- 19_. In an effort to increase the directionalof the GU 25_5(11)8 airfoil section leveled off before it stability, 50-percent-larger winglets were _'gloved" onto

i_ decreased at about _ -_ 25°. The positive poststall lift- existing upper winglets. (See fig. l(b).) The data of

curve slope of the NACA 0012 section could contribute figure 43 indicate that the directional stability was in-

i: to an_undesirable poststall pitch-up tendency. . creased, and stable values of directional stability were
i provided over most of the test angle-of-attack range.

Effect of Canard Position The enlarged upper winglet did not significantly alter

On the VariEze airplane design, the canard was the dihedral effect.

Chordwise pressure distributions measured at
i placed in a high position in order to minimize the nero- yt/b_ -- 0.60 are shown in figure 44 for the upper

dynamic interference effects from the canard downwash winglet on the right wing at sideslip angles of -10 °
_. on the wing and from the trailing tip vortices of the ca- and 10°. The pressure distribution at/_ = 10° is repre-.
i_. nard which could impinge on the wing. The canard was sentative of the leading winglet, while at _ - -10 °, the

placed in a low position on the model in order to exam- pressure distributions are representative of the trailing
ine its effect On the aerodynamic characteristics of the

winglet. The magnitude of normal force of the leading ii
configuration. A photograph showing the model with winglet, as determined by the integration of the chord-
the canard in the low position is presented in figure 37. wise pressures, was approximately twice the magnitude

Tuft patterns in figure 8(c) for a high canard and of the trailing winglet. Examination of the chordwise
in figure 38(b) for the low canard indicate an impinge- pressures of the trailing winglet indicates that the out-
meat of canard tip vortex on the wing as indicated by board surface of the winglet has stalled out. This stalled
the disturbance of the tufts on the wing at _ = -0.5 ° flow region, indicated by the fiat-top pressure distri- i

for the high canard and _ _- 5.5° for the low canard, bution, is prObably a result of the fiat-bottom airfoil i
A comparison of the longitudinal characteristics of the section. Thus_ the trailing winglet was not as effec- ._
low-canard configuration and the high-canard configu- "tive in providing directional stability as was the leading .
ration, shown in figure 39, indicates that placing the winglet at a sideslip angle of 10°.
canard in the low position had little effect on lift, pitch-

ing moment, and trimmed drag. A comparison of the Summary of Resultslateral-directional characteristics of the low-canard and

high-canard configurations, as shown in figure 40, in- A full-scale wind-tunnel investigation has been con. ,
; dicatesthatmoving the canardto a low positionhad ductedtodeterminethestaticlongitudinaland lateral-

_. littleeffecton lateral-directionalstabilitycharacteris- directionalaerodynamiccharacteristicsof a canard--

tics.Althoughthestaticaerodynamiceffectsofmoving configuredgeneralaviationairplane.The significant

,_ thecanardtoa low positionaresmallforthisconfig- resultsofthisinvestigationareasfollows:

i uration, the dynamic effects of the canard tip vortex

impingement may be significant in terms of handling i. The canard on this configuration was effective
characteristics, in providing airplane stall resistance since the canard

stalled before the wing stalled.
2. Downwash from the canard decreased loading of

_i Effect of Winglets the main wing inboard of the canard tip; upwash from
The basic configuration was designed to make use of the canard tip increased main wing loading outboard of

winglets (described in ref. 14) in lieu of a vertical tail the canard tip.
to provide directional stability while at the same time 3. The discontinuous Outboard wing leading-edge
reducingwing induceddrag.The effectofwingletson droOp increasedwing-tip-stallangle of attackand

the dragcharacteristicsisshown infigure41 interms increasedpitchstabilityat low to moderate anglesof

ofincrementaldragdue tothewinglete.Wingletspro- attack.

videdoveralldragreductionat liftcoefflcientsabove 4. Forthethreecenter-of-gravitylocationsstudied,
1.0.An estimateofskin,frictiondragcoefficient,deter- themaximum trimmed liftcoefllcientwas lessthanthe

mined from the wettedareaOfthe upper winglets,of maximum liftcoefficient.Thus, the limitedelevator

9
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TABLE I. GEOMETRIC CHARACTERISTICS OF MODEL

Reference dimensions:

) 8, ft2 .............................................. 53.60

i/ b, ft ............................................. 22.17_, ft .................................................. 2.58 ,_

i ' Wing:
Area, ft _ ........................................... 53.60

! Span, ft 22.17

Aspect ratio ........................................ 9.17Root chord at centerline, ft ...................................... 3.47
Tip chord, ft ............................................ 1.33

I Taper ratio ........................................ 0.38
Sweep angle (25-percent-chord line), deg ........................... 25.7
Dihedral, deg ...................................... . . . -4
Root incidence at BL 32, deg ....................................... 1.2

: Tip incidence, deg ..................................... -i.8

Airfoil s_.ction .................................... GA(W)-I (modified)
Aileron:

Total area, ft2 ......................................... 4.0.
Span, per side, ft ............................................. 3.33
Chord, percent wing chord ...................................... 20

Canard:

Area, ft_ .................................................... 12.82
Span, ft ................................................... 11.83
Aspect ratio ....................................................... 10.92
Chord, ft .................................................. 1.08 _
Taper ratio .................................................... 1.00.
Sweep angle, deg ................................................. 0 -.

Airfoil section ................................................... GU 25-5(11)6
Incidence, deg ............................................... 0
Elevator hinge-line location, percent chord ............................. 70

t Winglets:
_ Upper Lower

il Total area, ft2 ...................................... 6.96 0.39
I Span, per side, ft ...................................... 3.09 0.58

Ii Root chord, ft ....................................... 1.67 0.42:_ Tip chord, fl 0.58 0.25
Sweep angle (25_percent-chord line), deg ....................... 26.3 12

'_ Dihedral, deg ....................................... 86 -60

PrOpeller:
Designation .................................. Hendrickson H58G64
Diameter, ft .......................................... 4,83 --

.,; Thrust-lineinclinationrelativetoWL(Io0kingforward),deg . . . . . . . . . . . . . . . . . . -2
)._ WL at FS 157 ........................................... 21.3

11
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TABLE II. PRESSURE ORIFICE LOCATIONS

2y/bc

0.25
WING CANARD WINGLET L.E.DROOP 0.53

I O.79

(x/c)u(x/c)l (x/c)u' (x/c)l.i(x/c)u, (x/c_(x/c)u(x/c)1.k . . 10.95
0 .02 0 .01 0 .02 -065 .050 _ _ _ /

•005 .05 .005 .0.5 .02 .10 -.050 .020 o.02 .10 .02 .15 .05 .30 -. 045 .030 2y/b ,-,
•05 .25 .05 .35 .10 .50 -. 015 4
•_o .4o .lo .5o ._o .7o .o3o o.s_
•175.55 .175.625.5o .9o --_o.175o.85

,.: .40 .75 .40 .75 .90
•55 .85 .50 .85 .95 :,

_: .65 .95 .65 .95
i .75 .75

_...._:, .85 .85 y'/bw

*:i
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Figure 1. Geometric characteristics of model. Linear dimensions are in inches.
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• _ Figure 3. Top-front view of model.
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Figure 6. Effect of canard on section normal-force coef_cient of wing and upper winglet.t
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< Figure22.Ruddercontrolauthorityofbasicconfiguration.L.E.droopon.
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_i (a)Top viewofwingandcanard.

:_ Figure25.Flowvisualizationusingsublimatingchemicalstoshownaturalboundary-layertransition,a = 1.5°.
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Figure25.Continued.
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Figure 25. Concluded.
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Figure27.Effectoffixedtransitionon lift-dragcharacteristicsofcanard............................................
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Figure 28. Effect of fixed transition on chordwise pressure distribution of canard, a = 8.0°.
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Figure29.Effectoffixedtransitiononelevatordeflectionrequiredfortrim.L.E.droopoff;mid c.g.location(FS 99).
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Figure30.Water-sprayboom.
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Figure 31, Effect of water spray on canard of basic configuration. Mid c.g, location (FS 99).
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Figure33. Effectof canardincidenceon elevatordeflectionrequiredfortrim. L.E.droop on; mid c.g.location
(FS99).

,_ Figure34.Comparisonofcanardairfoil-sectioncontours.
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Figure36.Comparisonofliftcharacteristicsofcanardonmodel withGU 25-5(11)8and NACA 0012airfoilsections.
c,cisbasedon canardarea;ic= 0°,6e= 0°;R = 1.60× 10s.
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Figure40.Efl'ectofcanardpositionon lateral-directionalstabilityofbasicconfiguration.L.E,droopon.
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521

r',

I"T

, j.

76
[@'"

i

o "

t' tL v



:. Figure 43. Effect of winglet size on lateral-directional stability of basic configuration. L.E. droop off.
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